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RESEARCH MEMORANDUM

FORCE AND PRESSURE INVESTIGATION AT LARGE SCALE OF A 490
SWEPTBACK SEMISPAN WING HAVING NACA 65A006 SECTIONS
AND EQUIPPED WITH VARIOUS SLAT ARRANGEMENTS

By Stanley Lipson and U. Reed Barnett, Jr.
SUMMARY

An investigation has been conducted to determine the effect of
varying the span and deflection angle of a 15-percent-chord slat on the
longitudinal aerodynemic characteristics of a semispan wing having 49. 1°
of sweepback at the leading edge, an aspect ratio of 3.78, a taper ratio
of 0.586, and incorporating NACA 65A006 airfoil sections streamwise.

In addition to force measurements, chordwise pressure distributions were
obtained on the wing and extended slat with and without a deflected
trailing-edge flap. The tests were conducted in the Langley full-scale
tunnel with the greater part of the data being obtalned at a Reynolds

number of 6.1 x 100 and at a Mach number of 0.10.

The results indicate that, from static longitudinal stability
conslderations, a slat span of 0.50 wing semispan was the most effective,
for the subject wing, of the configurations investigated; that slat
spans shorter than 0.625 wing semispen had no effect on maximum 1ift;
and, at a given 1lift coefficient, increasing the slat span and/or slat
deflection up to 459 reduced the drag characteristics of the wing in
the moderaste- and high-lift range.

INTRODUCTION

The usefulness of slats in improving the low-speed characteristics
of sweptback wings has been demonstrated in several investigations of
specific high-speed plan forms. (See, for exsmple, references 1 and 2.)
Inaesmuch as the flow characteristics for a sweptback wing change

considerably with variations in wing sweep and airfoil profile, the

stall-control-device requirements (both aerodynamic and structurel) for
sweptback wings will also vary with wing geometry.
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In order to augment the limited amount of availlable low-speed,
large-scale, slat data on swept wings, an investigalion was conducted
in the Langley full-scale tunnel of a 15-percent=chord slat on a semi-
span 49.1° sweptback wing. The wing has an aspect ratlo of 3.78 and
incorporates NACA 65A006 airfoil sections streamwise. The longitudinal
force characteristics of the wing were obtained for several slat spans
and deflection angles. In addition, chordwise pressure distributions
were determined from pressure orifices located on the wing and on the
extended slat. Most of the data were messured at a Reynclds number

of 6.1 x 106 and at a Mach number of 0.10.
COEFFICIENTS AND SYMBOLS

The test data are presented as standard NACA coefflicients of forces
and moments. The data are referred to a set of exes coinciding with
‘the wind axes, and the origin was located at the quarter-chord point of
the mean aerodynamic chord.

Cr, 11ft coefficient (T""ice model 1ift)

apS /
Clmax meximum 1Ift coefficient
Cp drag coefficient (?wice m0261 drag)

Qo
CDO profile drag coefficient
Cn pitching-moment coefficient about the quarter-chord point of

the mean aercdynamic chord Twice model pitching moment
QoSC
1
Cng slat-section normal-force coefficlent JF Pr dcfa
0 8,

A aspect ratio (b2/S)
b twice model span, feet
c local wing chord measured parallel to plane of symmetry, feet
Cg local slat chord measured parallel to plane of symmetry, feet
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c!

local wing chord measured perpendicular to 0.50c' line (see
fig. 1), feet

local trasiling-edge flap chord measured perpendicular to
0.50c' line, feet

local slat chord measured perpendiculsr to 0.50c' line, feet

o b/2
mean aerodynamic chord, feet ngf c2dy
0

Plowef wing surface ~ Pupper wing surface

P'po
pressure coefficlent a5

local static pressure, pounds per square Ffoot

free-stream statlc pressure, pounds per square foot

. 2
free-stream dynamic pressure, pounds per square foot GELJ

2
' ove
Reynolds number m

twice model area, square feet
free-stream veloclty, feet per second
chordwise coordinate parallel to plane of symmetry, feet

chordwise coordinate measured perpendicular to 0.50c' line,
feet

spanwise coordiﬁate perpendicular to plane of symmetry,'feet
spanwise location of the wing center of pressure, percent g
angle of attack, degreesl

angle of deflection of slat, degrees

mass density of air, slugs per cubic foot

coefficient of viscosity, slugs per foot second
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MODEL

The wing was tested as a semispan configuration mounted on a

reflection plane in the Langley full-scale tunnel as shown in figure 2. -

A complete description of the reflection-plane construction and the
wind-tunnel flow characteristics 1n its vicinity are presented in
reference 3.

The wing had 49.1C of sweepback at the leading edge, an aspect
ratio of 3.78, a taper ratio of 0.586, and no geometric dihedrsl or-
twist. The streamwise airfoil section was an NACA 65A006 section with
the extreme tip of the wing being half of a body of revolution based
on the same section ordinates. The wing plan form and some of the more
pertinent dimensions are presented in figure 1.

As may be noted from the wing layout of figure 1, a special
significance is attached to the 0.50c' line. The mounting system of
the subject wing wss designed such that the sweepback angle of the wing
may be variled and the plvot point of the arrangement is located on the
0.50c¢' line. The choice of this particular chord line for the pivot
point was from mechanical rather than from aerodynamic conslderations.
The 0.50c¢' line was then employed as the reference chord line for leyout
purposes of the flap dimensions, pressure-tube installatlons, and so
forth, slnce percentages of chord lengths normal to the 0.50c' line
remain constant regerdless of the angle of sweepback at which the wing
1s being tested. . '

Detalls of the arrangement employed for the investigation of a
15-percent-c' slat are presented in figure 3. 'The ordinates-—of the
glat are derived from those of the wing airfoil so that the slat could

feaslbly be retracted into a wing of the dimensions tested herein. For

the present investigation, however, the slat wasmot constructed as an
integral part of the wing and is mounted directly onto the ummodified

basic-wing leading edge with the slat brackets alined normal to the wing's

leading edge. The slat was composed of several individusl spanwise
segments so that slat spans of 0.250b/2, 0.375b/2, 0.500b/2, 0.625b/2,
0.750b/2, and 1.000b/2 could be obtained. All the slat tests were
conducted with the outboard end of the slat located st the wing tip.

The minimum chordwise clearance between the slat and wing, and the
distance of the slat nose shead of the wing were selected from the slat-
positioning results presented in reference 4 and were held constant when
the slat angle, defined in figure 3, was varied.

As shown in figures 1 and 3, the trailing-edge flep employed for

the investigation had a 0.25c' chord, a span of 0.469b/2, and a deflection

angle of 45° measured normal to the 0.50c' line.

L]
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Flush surface static-pressure orifices were installed in the slat
in three chordwlse rows in the stream direction and in the wing in two
chordwise rows in the streaem direction and seven chordwise rows normal
to the 0.50c' line. The general spanwlise arrangement of these pressure
orifices is shown in figure 4 and their chordwise locations are presented
in teble I.

TESTS AND CORRECTIONS

Both force and pressure measurements were obtained during the
investigation. The force-data phase of the program was conducted over
an angle-of-sttack range from spproximately -2° to 31°. The slat param-
eters varied during the test program were the slat deflection angle
(with the slat span held constant at 1.00b/2) and the slat span (for
a slat deflection angle of L45°). For the two test configurations, the
basic wing and the wing with the O.50b/2 span slat deflected 459, the

test Reynolds number was varied from 2.9 x 106 to 6.1 x 106. The
remainder of the test program was conducted only at & Reynolds number

of 6.1 x lO6 and a Mach number of 0.10.

Chordwise pressure distributions and tuft surveys were obtained
at four representative angles of attack for the following conditions:
(a) basic wing, (b) wing with 0.50b/2 span slat deflected 459, and
(¢) configuration (b) with the trailing-edge flap deflected.

The Jjet-boundery corrections spplied to the force data, as discussed
in reference 3, presented herein were based on the method presented in
reference 5 and were added to the uncorrected results.

Ao = -0.84CT,
ACp = -0.01281C(2
ACp = -0.00427CE,

The date have also been corrected for the effects of blockage and
stream angle.

RESULTS AND DISCUSSION

The results of the force tests are presented in figures 5 to 8,
the wing flow surveys in figure 9, the pressure distributions over the
wing in figures 10 through 13, and the chordwise pressure distributians
and loads on the slat in figures 1k to 16.
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Aerodynamic Characteristics

Bagic wing.- The effects of Reynolds number on the aerodynsmic —
characteristics of the basic wing are presented in figure 5. The data
exhibit the trends characteristic of the results obtained for & thin
sweptback wing having the leading-edge separation vortex type of flow.
The 1ift coefficlent at which the increase in wing lift-curve slope
(which is inherent with the separation-vortex type of flow) initislly
occurs ilncreases in magnitude with Reynolds number (fig. 5(a)). The
lift-curve slope measured through zero 1lift agrees with the value
predicted by using the Weissinger method (reference 6). The CLmax

obtained at R = 6.1 X lO6 was approximetely 1.00, or about (.02 higher

than the CLmax reached for a test Reynolds number of 2.9 X 106. -

The incressed tendency for the experimentsl drag curve to depart

cr2 _
from the theoretical drag curve Cpg + ;E— in the low-11ft range with N

a decrease in Reynolds number shows the unfavorsble influence that o

decreesing R exerts on the flow characteristics of the wing (fig. 5(b)). S
A comparison of the drag data, on the basis of constant 1lift coefficient, L
indicates that Cp 1is decreased by an increase in the test Reynolds A

number throughout the 1ift range above about Cp = 0.3.

Varylng the Reynolds number over the range investigated does not ST
appear to alter significantly the general shape of the pitching-moment _
and spanwise-center-of-pressure curves (figs. 5(c) and 5(d)).

Effect of slat deflection angle.- The effect of the slat deflection
angle 5g was determined only for the full-spar slat arrangement (fig. 6).
An increase in CLpay 18.-obtained by increasing 8g up to the highest

slat deflection angle tested (fig. 6(a)). At &g = 45°, Cr,. . 1is
approximately 1.17 as compared to sabout 1.00 for the basic wing.

The improvement in the drag characteristics of the wing obtained
by increasing the slat deflection msey be illustrated by the fact that,
at & 1ift coefficlent of 1.00, the drag of the wing with the full-span
glat deflected 20° is approximately 80 percent greater than that measured
for the &g = 45° configuration. '

Deflectlon of the full-span slet results in instability of the wing
over the entire 1ift range from zero lift to maximum 1lift (fig. 6(c)). A
Up to a moderately high 1lift coefficient the wing with the slat deflected
is moderately unstable and then, very abruptly, becomes hlghly unstable.
The abrupt change in stebility, similar to the characterlstics obitained - .

el
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with the basic wing, is.caused by a loss of 1ift outboard, as indicated
by the inboard movement of the spanwise center of pressure in figure 6(a)
and by the decrease in the wing lift-curve slope in the same 1ift-
coefficient range where this stability change occurs (fig. 6(a)).
Increasing 8g Iincreases the magnitude of the Cp &t which the abrupt

chenge in stability occurs (fig. 6(c)). For the wing with the full-
span slat deflected 45°, the change in stability from the moderate to
the high 1ift range is approximately equivalent to a 0.4C shift forward
of the wing center of pressure. As in the case of the basic wing, a
stable change in the pitching-moment characteristics 1s obtained at the
stall for all of the deflected full-span slat configurations tested.

Effect of slet span.- Figure T illustrates the influence of the
span of the extended slat, B8g = 45°, on the aerodynamic characteristics
of thg wing. Increasing the slat span has no effect on Clpg, for
spans shorter than 0.625b/2 but produces significant increases in CLmax

for spans between 0.75b/2 and 1.00b/2.

As shown in figure T(b), correspondingly greater decresasesg in drag
are obtained in the moderate and high-l1ift range as compared to the
characteristics of the basic wing as successlively longer slat spans
than 0.25b/2 are employed. ) :

The general trend of the longitudinal stability and spanwise center
of pressure,with 1ift coefficient (figs. T(c) and 7(d), respectively)
indicates a stability change for slat spans greater than O.50b/2. For
slat spans of 0.75b/2 and 1.00b/2 (fig. 7(d)), the location of the span-
wise center of pressure remains fairly constant over a large range of
1ift coefficients. Between Cy of 0.2 and 0.5, however, the length of

slat span does not appear to dlter the spanwise location of the center
of pressure (fig. T(d)) and the difference in stebility in.the low-lift
range, shown in figure 7(c), is probably caused by a more forwerd chord-
wige shift of the center of pressure due to the use of the longer slat
spans., For both the basic wing and the configurations of slat spans
greater than 0.50b/2, the wing becomes highly stable at CLmax’ whereas

for the shorter slat spans, 0.25b/2 and 0.375b/2, this steble effect
occurs initially at a Cz about 0.1 lower then Cg . This effect

may be correlated with the veriations in spanwise location of the wing
center of pressure near Clpg, (fig. T(d)).

0.50b/2 slat span.- On the basis of the stability characteristics
shown in figure 7(c), the_O.BOg-slat configuration was selected as the

optimum arrangement of those investigated, to use for the pressure-
distribution tests. The effect of Reynolds number on this conflguration

| TSR
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is presented in figure 8. Over the Reynolds number range investigated,
there is little or no change in the 1ift and drag characteristics with
a variation in Reynolde number (figs. 8(a) and 8(b)).

The pitching characteristics, (fig. 8(c)) for the three highest
Reynolds number tests are closely comparable and differ from the results

obtalned st R = 2.9 X 106 in that the instability exhibited in the
moderate 1lift range begins at a lower Cp, for R = 2.9 X 106.

Wing Flow Characterlstics

Tuft surveys.- The stelling characteristics of the wing as deter-
mined from the tuft studles are presented in figure 9. Extenslon of
the slat caused rough flow 1in the area behind the inboard end of the
slat at moderate lift coefficlents. With increesed 1ift, the region
of disturbed flow increased both inboard and outboard. The slat, however,
improved the stalling characterlstics of the tip section and, immediately
behind the wing-slat gep, the flow remained smooth and alined normal to
the leading edge of the wing up to high 1ift coefficients.

Pressure distributions.- Representative chordwise pressure distri-

butions are presented in figures 10 to 12 and the notation used therein
for identifying the measuring stations corresponds to the layout sketch
shown in figure 4. It should be noted that stations H and J are located
streamwise, whereas statlons C, D, E, and F are elined normel to the
0.50¢' line.

In order to provide a more graphic representation of the over-all .
flow characteristics of the wing, upper-wlng surface-pressure isobars
(1ines of constant pressure) have been presented in figure 13. In
addition to the data shown in figures 10 to 12, the data obtained =t
wing stetions A, B, end G (fig. L) were also used in determining the
isobar plote. In instances where the shape of the contour is 1in doubt,
due to an insufficient number of data points, the isobar lines have been
dashed. In all these cases, however, the contouring has been based on
& consldersation of the following: +the shape of the adjolming o
experimentally determined isobars; approximete P values derived from .
limited extensions of the faired chordwise pressure-distribution curves;
and the results of previous pressure investigstions on wings having
similer flow characteristics (such as references 3 and T).

The chordwise pressure distributions (fig. 10) are characteristic
of the type usually obtained with a leading-edge separation vortex and
agree, qualitatively, with the pressure measurements presented in
reference T for a sharp-nose wing having approximstely the same plan
form as the subject wing. The relative chordwise locetion of the vortex

JnsEniengs
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core at eny particular station is indicated by the "hump" or local
increase -in the upper surface pressure. (See, for exsmple, section F

in figure 10(b) and sections C, D, and E in figure 10(c).) Over the

rear of the sirfoll section, Jjust behind the vortex core, there is a
severe Jloss in suction pressure. The date of reference 3 indicate

that this loss of 11ft over the rear of the airfoil is regained, however,
when the section stalls and results in a large rearward shift in the
chordwise center of pressure, as much as 0.20c for the wing of reference 3.

It is of Interest to note the large leading-edge negative pressure
peeks obtained at station H. It would appear that the boundery-layer
drainage near the wlng root, Ilnduced by the spanwise flow characteristics
of the wing, allows the inboard wing sections to operate at very high
angles of attack without stalling.

With the O.50b/2 slat deflected (figs. 11 and 12), the presence of
8 separation vortex is indicated in the pressure distrlbutions for the
stations inboard of the slat but not at the outboard chordwise stations
located behind the slat. This result agrees with the flow observations
discussed in reference 8 for which, with a leading-edge flap deflected,
it wes noted that the leading-edge separsation vortex turned into the
stream direction and trailed off the wing at a polnt just inboard of
the inboard end of the leading-edge flap.

At the higher angles of attack, the pressure distributions at the
chordwise stations immedistely behind the slat confirm the indications
of the tuft surveys (fig. 9), which showed the flow in this region to
be unstalled. This result is in direct contrast to the severe outboard
stall obtained with the basic wing.

The contoured suction pressure plots of figure 13 illustrate the
progression of the wing stall with increasing 1ift for the basic wing.
At & Cr = 0.435, the isobars are directed toward the wing tip. With
an increase in 1ift to CL = 0.712, there is & distinct flow change and

The isobars appear to be severely swept back with the outboasrd part of
the isobars filrst turning in a streamwise direction toward the leading
edge of the wing and then turning again in a spanwise direction. The
part of the isobar between the two bends correlates with the chordwise
presgsure distributions as being the approximate chordwlse location of .
the separation vortex. Thus, two lines drawn from the wing apex through
these two sets of bends in the ilsobars would seem to locate, roughly,
the position of the separation vortex on the wing at this 1lift coeffi-
cient, 0.712. Because of the more rearward position of the outboard
portion of the vortex and since the chordwise extent of the pressure
tubes ends &t approximately 0.60c!’ , 1t is more difficult to locate the
boundary of the vortex from the lsobar diagrams at the higher 1ift
coefficients.
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With the 0.50b/2 g8lat deflected, the isobar contours graphicslly
illustrate the growth of the stalled region Jjust inboard of the inboard v
end of the slat (figs. 13(b) and 13(c)). The tuft surveys and pressure :
isobars agree qualitatively in illustrating that, as CLmax is approached,

the general stalling pattern obtained on the wing with the O;50b/2 slat
deflected does not sppear to be altered by deflection of the trailing-
edge flap. (Compare figs. 9(b) and 13(b)} with figs. 9(c) and 13(c),
respectively.)

Slat Load Characteristics ST

The chordwise pressure distributions over the O.50b/2 slat are
shown in figures 14 and 15 for the wing with the slaet deflected alone .
and in combination with the treiling-edge flap. The lower station on e
figures 14 and 15 represents the inboard station (fig. 4). It should T
be noted that the lower-surface orifice tube at 0.20cg, which generally
indicates a negative pressure, is located in the severest part of the -
discontinuity in the lower surface of the slat (fig. 3).

The locetion of the chordwise center of pressure of the slat load
and the slat normal-force coefficient were determined from the slat
Pressure distribution only for the middle chordwise station on the slat -
(fig. 4). It is believed that the pressure messurements at this station
are more representative of the over-gll slat loads than ere the pressure
date at the stations neer the ends of the slat which were probably
affected by end-flow conditions. -

The varlation of the slat chordwise center of pressure with lift :
coefficlent, presented in figure 16, does not asppear to be affected by
the deflection of the trailing-edge flap. As Cy, 1s increased from : ST Tz
the lowest value at which pressure data were obtalned, the slat chord- :
wise center of pressure moves slightly forward but tken shifts rapidly
rearward at the 1ift coefficlent corresponding to wing stall. . — -

The normal force on the slat increases sharply in megnitude with
increasing 1lift coefficient (fig. 16) in the 1lift range investigated
and attains its maximum value when the wing is operating, approximately,
at maximum 1ift. Below the 1lift coefficient corresponding to Cr

for the wing with the 0.50b/2 slat deflected alone, cpg 1s decreased T
when the trailing-edge flap is deflected. . -
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CONCLUSIONS

An investigation has been conducted of a 15-percent-chord slat
installed on a 49.1° sweptback wing having an aspect ratio of 3.78 and
incorporating NACA 654006 airfoll sections streamwise. The results
indicate that for the subject wing configuration:

l. On the basls of static longitudinal stability, a slat span of
O.50b/2 is the most effective of the slat spans investigated.

2. Slat spans shorter than 0.625b/2 produced no increase in maximum
1lift. :

3. At a given 1ift coefficlent, increasing the slat span and/or
the slat deflection, up to 45°, reduced the drag characteristics of the
-wing in the moderate and high 1lift range.

4k, Deflecting a trailing-edge flap had 1little effect on the chord-
wise locetion of the slat-load center of pressure.

5. At a glven 1ift coefficient below the value corresponding to
Clmax for the wing with the 0.50b/2 slat deflected alone, the slat

normel force is decreased when the trailing-edge flap is deflected.

Langley Aeronauticsal Laboratory :
National Advisory Committee for Aeronsutics
Langley Fileld, Va.
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TABRLE I.- CHORIWISE LOCATION OF ORIFICE 'I{iIES

[Station letters and mmbera refer to spanwise locations given in fig. ll.]

Statlon A Btations B, C, D Statioms E, ¥, G
Upper Lower Upper Lower Upper Lower
surface surface surface surface surface surface
(Percent ¢') | (Percent c') (Percent c') | (Percent c') (Percent ¢') | (Percent c')
0.0 5.0 0.0 5.0 0.0 5.0
.10 10.0 .10 10.0 .10 10.0
25 25.0 .25 25.0 .25 25.0
1.0 51.0 1.0 51.0 1.0 5.0
2.0 2.0 2.0
5.0 5.0 5.0
10.0 10.0 10.0
20.0 18.0 18.0
.0 In.o Lo.o
60,0 58,0 58.0
!
Station H Station J Statione 1 and 2 Btation 3
Tpper Lower Upper Lower Upper Lower Upper Lower
surface surface surface surface surface surface murface surface
(Percent ¢) | (Percent c) (Percent c) | (Percent c) {Percent c'g) | (Percent c'y) {Percent c¢'g) | (Pexcenmt c'y)
C.0 5.0 0.0 5.0 0.0 5.0 0.0 2.0
.10 10.0 .10 10.0 2.0 20.0 2.0 5.0
25 25.0 .25 25.0 5.0 50.0 5.0 10.0
1.0 50.0 1.0 10.0 16.0 20.0
2.0 2.0 30.0 30.0 30.0
5.0 5.0 50.0 50.0 50.0
10.0 10.0
20.0 29.0
k5.0 50.0
60.0
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203,63

—N\.79.625

- —

Area (8/2)

Aspact ratio

Taper ratio
3

0.50¢' line

Moment center

152,4 =q fb
2,78
0.586

109.05 in,

TNBA

Figure 1.- Plan form of semlspan 49.1° sweptback wing. All dimensions

» \\‘155.78 N

AN

are in inches.
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Figure 2,- The semispan 49.1° sweptback wing, with full-span slat
installed, mcunted in the Langley full-scale tunnel.
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Q. 0475(:5:-

7 Hinge axis 0.75¢' v

Tralling-edge flap /

Minimum clearance 0.007¢" /

- -

Leading-edge slat

Figure 3.- Leading-edge alst and trailing-edge flap as installed on
semispan 49.1° sweptback wing. All views taken normal to 0.50c' line.



Slat stations

0.900b/2

0.799v/2

160.75"

] S
0
<t
o
o

Q o

for) !

< ~

g g

o B

Si o
g 9
2 g 2
o ;3 :%
~ .
B : : o
. ©
)
9 }x
>~ Q2 .
S 0 Vé .
‘ ~ o 3 n - H
) N 7

-

\\\\\\— Wing stations

0.050b/2~
0.028b/2

Figure 4.~ Spanwise location of pressure measuring stations on semispan
49.1° sweptback wing and slat.

o8

9T ¥ISCT WY VOVN

LT




Oy,

Reynolds numberf

o 2.9 x 106
12 o 4.4 x 108

¢ 5.2 x 195
L0 s 6.1 x 128 A
. - H— “ b3,

E’e’e_ \9\\-—-4’2"’3‘ \g\pﬁ ol =t ‘K\
B i | i L~ ~a
br
21 A
=i ) e
B 7 .
4 il
2 F /}
0 K
_2 L il | 1 |
-4 4 8 2 133 20 24 28 32
' -4 ¢} 4 8 2 16 20 24 28 32
4 0 4 8 12 & 20 24 28 32 :
0 4 8 2 3] 20 24 28 32

a, deg

(a) Cp against a.

Figure 5.- Effect of Reynolds number on the aercdynamilc charscteristics
of the semispan 49.1° sweptback wing; basic wing.

8T

QSATLT WY VOVN




cp

HERERN

1 | I ] T ’T-}? o
52 Raynolds nunber Y =z oy

¢ 2.9 x 1p8
a8 4,4 x 108

& 5,2 x 108

46,1 » 108 1 3
A4
40 1

p i
/ i /
3 q I
28
24 i / ] i
/ i ?
20
{ f
16 g / /
3
l2 ]
il
08 s
o2
o4 LDy * = Vi ]
o 1] Nl A '_
. Z bobs T NN
-2 2 4 & B 10 2
=2 0 2 4 8 B o 2
2 0 2 4 B B 10 12
=2 o] 2 4 B o (2

L
(b) Cp against Cp.

Figure 5.- Continued.

93AICT WY VOVH

6T




02

Reynolds number

2.9 x 108

C4.4 x 106

5,2 x 106

a6.1 x 109

sl sl

o %‘\g'“EI

~

‘\\% : J :r-.;\ - =

o
-

~—

12 08 04 0 -04
s 2 08 04 0 -04

s 2 08 04 O 04
16- 12 08 04
Cm
(c) Cy agalnst Cy.

Figure 5.- Continued.

O2ATGT WY VOVR




Ya.p.

[ -

o B

() Yo.p. aeminst Cp.

Figure 5.- Concluded.

6 .
5 '\s}
_{L{LT}\“‘tr }tﬁl}
4 (lQ~amEh
} \OQ%
© @
W
0 4 6 B 1.0 12
Or.

OZATST WH VOVN

e




Sg S 1- -

© Rasic wing

a 20:
12 & 30 ||

4 459 S8 0s vy - s

B &
L0 _A-ope W o L
il -l vl A
]
B o [ - L«
dﬁdﬂ ﬁF P K(
6 L 1| A al
o % /
CL /
4 // //
[v,
2 /}
Zﬁ
0 1 ¥
-2 | I
-4 4 8 12 6 20 24 @28 32
-4 0] 4 8 e Bk 20 . 24 28 2
~4 O 4 8 2 6 20 29 28 32
4 0 4 8 12 e 20 24 2B 32

a, deg

(a) C1, against «a.

Figure 6.- Effect of slat deflection angle on the aserodynamic charac-
teristice of the semispsn 49.1° sweptback wing. Full-span slat

installed; R = 6.1 X 106.

gEMTCT W VOVN



Ea
‘rhuitéog-!ng .
5 ol \ A
45
] a& 4 )
48 r !
Aq
|
; i f
. r ] |
* / /
28 lf * ’
a 4 !
2 / $
[ /
/
1§ ‘Z /
i y
12 ‘]‘l‘ f
; !‘—F/ N =g .
o -1» | ) T L1l 1 11
-2 2 4 B o 12
=2 0 4 ] B Lo 12
2 0 =2 4 B 10 L2
-2 o 2 4 B o 2

CL
(v) Cp against Cp.

Figure 6.- Continued.

g2ATST WY VOVN

151



w2

8
oBasic wing
Q op?
— ¢ 30°
r 45°

Lo % T
[~

D

J¢
3

7
/

¢

CL

T

V"

2 08 04 0 -04

6 12 08'04 0 -04 :

. . 18 12 08 04 0 ,h 04
16 12 . 08

o o Cn
(¢) C, agelnst Cp.

" Figure. 6.- Continued.

. 9SATCT Wa VOVN




!c-p-

T

B

A\ 8
e A o Bmgg?ng
\R s zf_
(o3 e — [ a2
-<>C§T2%\\ ﬂga
= | — 0\3\
I
e
‘*diko*}QHG—e\l Ra
e
ow
e
|
4 6 8 10 12

oL
(d) Yo.p. ogainst Cp.

Figure 6.- Concluded.

¥

geIIGT WH VOVN

¢z



Slgt span
o Beszic wing
g 0.250b/2
2 o o.375n/2 oy
2 0,500b/2 ;
b 0.685h/2 ) A o lebola ,
10 B3 e b
5 0rwe 0 N TG AT
. Lo -
sl | 2] At NZEND Eﬁﬁr
‘OM P =y
. ~ ¥
4
2 [,
2 A AT A
0 Wi A /
 J x K [ & W
.2 . | 1
-4 o 4 8 2 6 20 24 28 32
-4 0 4 8 2 6 20 24 28 32
-4 4] 4 8 2 6 20 24 28 32
-4 (o) 4 B 2 6 20 24 28 32
-4 o] 4 8 E B 20 24 28 3@
4 0 4 8 B2 B 20 24 28 32
' -4 0 4 8 2 E 20 24 28
o, deg
(a) C; against a.
Figure T.- Effect of slat span on the aerodynamic characteristics of

the semispan 49.1° sweptback wing. ' Bg = 4% R = 6.1 x 106.

MED

92

92MTCT WY VOVN




NACA RM I51K26

E

L1111l

L =

v

T

24

.IG.'

Ja

27

]
Q
N g
S
Yy @<
S an
yese 5 g
© 3
S @ ooy =S|
+ o~
w 2
Hauwo =] =]
B 8
mBEE ELm '
¥ ow O a b~
. . 5
Zaqog
: P r
g & O /PD\ =
@ o of
« O
o o
(=)
o
o



Be

Slat span
o Baslic wing
o 0.250b/2
12 & 0.375b/2
9&.&_5\ A 0.500b/2
1 o 2. 0.52511:52 _
Lo - < A D 0.750b/2
_ﬁ\m ﬁg‘ o] mh{& ™ Ny o~ A 1.000b/2
5 %\wnﬁ -
P %, L WA L
D
: 3 CEEELS k
_2 T 4 F D R
g } i E
0 T ;T \B 3
C _
25508 04 0 04 08 . R
2 08 04 0 -04.-08
08 04 0 04 -08
04 o -04

2 08 D4 0 04 -08
' 6 12 08 D4 0O -04 -DB

. 20 16 i2 08 04 O 04 08
-]

(¢} Cp against Cp.

Figure T.- Continued.

9ETCT WY VOVN




NACA RM I51K26 s 29

Slat span
6 © Basic wing
. @ 0.250b/2
& 0.875b/2
A 0.500b/2
B 0.826b/2
5 8 Q\\,‘ B 0.750b/2
S8 - 2 @ 1.0000/2
AN
4 56 , i }Xl
a' N cr/B HLY 2 . %
5 e
4.5 6 \\k Nm— %
i i
45 6 \
B Faq A A A 2
Yc.p- N n}‘ﬂ‘.
45 6 —
o A
f Ot o
4 5 6o ha ¥ ~
t s e A
© o
4 5l—= :
o] - B\G\C
4 '\*l(
t .
fo) S{W‘\
|1 1
0] 2 4 8 8 1.0 1.2
(%7

(d) ye.p. egeinst Cp.

Figure T.- Concluded.



] Reynalds number
o 2.9 x 109
2T o 4.4 x 108
— ¢ 5.2 x 10§ -
10 A 6.1 x10 NS, sl
- ol /B/“”a- d Ny
B o . o xw
6
CL : /a
4
Vi / !
5 % —+
0 fe -
~ A
- 1 | 1
‘4 o0 4 8. 1 16 20 24 28 32 .
-4 0 4 i2 v 20 24 28 32

8
4 O 4 8 12 © 20 24 28 32
4 0 4 8 R © 20 24 28 32

a, deg

(a) €y sagainst o.

Figure 8.- Effect of Reynolds number on the merodynamic characteristics
of the semispen 49.1° sweptback wing with 0.50b/2 slat installed.
5 = |45°.
s

r— me -

ot

G2ATCT W VOWN




A4

36

32

281

24

Reynelds number =
© 2,9 x 108 L) A\. J.ﬁ, M hé
T M A - \ ;
£ 6.1 % 106 J '31 ) 5

. ]
q [ ] ] rg\
? . i
! | / 1
d 4 $ [
- ’/ : / I
1 T
/ [ f
I / /
¢ 4 o A
/ _ f i i
7
- ] J"’
| e 7
’ T =&

(b) Cp against Cy.

1€

Figure 8.- Continued.



Reynolds number
o 2.9 x 106
o 4.4 x 108
& 5.2 x 106
a 6.1 x 10 ” ‘\\ﬂﬁgéfr” 1
1.2
10
) hd
8¢ -
S R &
CL : 3 \A
6 = - N
L h
A i
3
0 ) 11'7 .l L
o ;] Oﬂ- 0 04 08 04 0 -04 J
' . 08 04 o0 .04 08 04 o -04 :
Cm

'(c) Cp against Cr.

Figure 8.- Continued.

P

%

9eNTST W VOVN




Je.p.

N

&

Je.p. oginst Cp.

Figure 8.- Concluded.

[ ]
Reynolds number
& 2.9 x106
"y O 4.4 xlgg
i 2
Mﬁ‘m M- gg.liioﬁ
ey
e
<@ 73"&7).@(5 .
K
e 2
6
— L~y
J\B‘Ekq;
5 g
ST
TRl
4 Oed—2ln0
{
0
0 4 6 .8 1.0 1,2
C1,
(a)

o

9ZATST WH VOVH

€c



H Rough flow

. Intarmittent stall

ﬁ tall

a= 13.4%; G = 0.712

(a) Basic wing.

\

a= 19.3% ¢, = 0.893

A

™~

—

= 27.29 €, =1.003

- Figure 9.- 5tall characteristics of the gemispan 49.1° sweptback wing.

R = 6.1 x 10".

€

GSNTCT W VOVN




NACA RM L51K26

u Intermittent stall

Stall

a=8.6% Cp = 0.432

a = 13.4% ¢; = 0.658

'ﬁqg;ﬁpr'

a=19,3°% ¢, = 0.880

(b) Wing with 0.50b/2 slat installed (85 = L45°).

Figure 9.- Continued.

35



36 ) NACA RM L51K26

Houzh flow

- Intermittent stall

a= 8.4% C; = 0.720

T . e -t —— S —

NACA,

a= 19.1%; ¢, = 1.072

(c) Wing with 0.50b/2 slat installed (8g = 45°) and trailing-edge flep -
deflected. i

Figure 9.- Concluded.



NACA RM L51K26 AT 37

“ Upper surface

=4 & Lower surface
|
j
-3. Station C—
_2_0 -
T 2
Station H ¥
-1.O 4.0
e
bod | L
. Q = (o] - =
1.0 I
-5.0 T TT 5.0
Station D - Station E—
o 40 40
y
5]
8 3.0 3.0
(3]
&
3 20 20
s i
: C
5 -of 40
2 N N
£ o ~i] o ﬂ\a.\\“
*/—A—’—
1.0 1.O
~ NACA
NACA-
DT
3.0 Station F— -3.0 T
Station J-
-2.0& 2.0
= 0 -1.0 !\
O 1 ] o e
_a—'“/" L—
10 1.
[0} .2 4 6 8 (o] CO 2 4 6 8 10
Chordwise station, Chordwise station,
x/2 or e'/z2' x/¢c or x'/c'

(a) a« = 8.6%; cp = 0.435.

Figure 10.~ Wing chordwise pressure distributions for the sémispa.n
49.1° sweptback wing; basic wing. R = 6.1 X 106.



38

Pressure coefficient, P

Station H

G
()

]
o

L
o

(]

o

R
Station D

I
Station F-

2 4

L 6
Chordwise station,

8 10

x/ec or x'/fe'

(o)

NACA RM I51K26 .

o Upper surface

4 Lower surface
5.0
40 - station C
3.0
-20 \\
-0 \
N
\\
O E—
a1
1.0
-2.0 I
Station E—
-1.0 5
o}
/_J—‘
1.0
B Ko S —
Station J
0 L4
"]
1. _
00 2 4 6 B [{o]

Chordwise sf:a.tion,
x/o or x'/fe'

a = 13.4°%; cf, = 0.712.

Figure 10.- Continued.




NACA RM L51K26

Pressure coefficient, P

: 39
-8.0
e Upper aurface
-80 Station HA a Lower surface
-7.0
6.0
5.0
4.0
30 30
T
' ~ Station C—
20 20 \\
- h -1.0
0 \0\\ \
Ay
o 0 L
1
1.O 1.0 j
20 -2.0
- “1|' t S—[ ti lE
Station -Station E—
™~
40 410
bt
.
o - 0 "y
1.0 1.0
_l. -
— Stetion F— Station J-
Q 0
—r-l/u ]
1.0 -
c 2 4 6 8 10 Y =2 a2 & 8 10
Chordwise station, Chordwise stetion,
/e or x'/e' x/c or x'/e!

(¢) a =19.3% cr, = 0.893.

Figure 10.- Continued.



Prarsure coefficienkt, P

-13.0

-2.0

- LO

0.0

Station H 4

-

L

Station D-

Station F -

2 4

& B 10

rheruwise—station,

x/e

or

(d) a =

X' /e’

27.2°

2

NACA RM L51K26

® Upper surface
& Lower surface

20¢ ] ]-I
T Station Co—
40 <
o -
=
P — i
1.O
1
10 Station F-
L
O 9 }
_Ar// |
10 [ 1
-0 T 1.1
Station .J -
Q
-
I'00 . 4 6 8 1o
thordwise atation,
x/¢c or x'/c'
Cr, = 1.003.

Figure 10.- Concluded.




6C  NACA RM L51K26 B S

o Upper surface

- ’ . 50 4 Lower surface
P11
40 Station C-
3.0
2.0 T 7 -2.01
Station H— - . t
40 40 5\
0 %\\1 Lo-_‘ 0 i P—1——of
et ,‘Jr/*
1.O 1.0
-4
° [T 1
Station B
-3.0 - 3.0
o TR
- Station D
4
§ 20 -20
- s
G
% -0 K -1.0
8 N &
- © A L - _“\‘-n-\ﬂ
50 — Ape=—
2
~ 10 1O
4.0
Station J
3.0 ‘ I 30
Station F—
-2.0 -20
|-
\ i
-0 BL\ 40
v o s S P e S
(o}
_a/’/—‘ b - NA _
1.0 A I S|
0 2 4 6 8 1w YYo= 4 s 8 1
Chordwise station, Chordwise station,
x/¢ or x'/fe! x/e or x'/¢'

(a) o« =8.6% Cp, = 0.432.

. Figure 11.-~ Wing chordwise pressure distributions for the semispan
49.1° sweptback wing with 0.50b/2 slat installed. &g = 45%;
R = 6.1 x 106.



Lo

F

Pressure coefficient,

SRR NACA RM L51K26

, 5.0 « Ypper surface
: & Lower asurface
40
Station C—
3.0 T 3oi}
Ctation HA \
T
b ™~
— F——t—
o (o}
L od—1—¢ o
1o 1o
40 T
—Station T
3.0
2.0 . -2.0 \
T Statlon D+ \
"E-OI- ~ 'I.O \
~_. T
o o}
I‘O I.O
-5.0 1
Station J-
-40, -4, ]
I T 1 ©
Station F—
3.0 3.0 .
20 2.0 i
-1.0 -l.O x‘
[ i
—i | ™
o} — = -0 -
| — ] W_
1.O 1.0 it
0] % 4 6 8 [[e] Q .2 4 6 8 10
“hordwise-station, “hordwise station,
¥/e or x' /¢’ ¥/e or x'/e'

(b) o« = 13.4%; cp = 0.658.

Figure 11.- Continued.

A
Lo
|
-

il Iyl o

C 4y Hid e



NACA RM L51K26

Presanre coefficient, P

80 11
Station H
80 sUpper surface
- aLower surface
-70
-8.0
-5.0 20 .
e Station CH
-40 10 p N
N
-3.0 0
2.0 10
-1.0 \\\
' 0 T 1
¢} Station E7
3.0
1.0 :
-20
\0 [ T :
=t Statian D
- . -0 L\,
o] o 2
e I Lart—1|
=8
1.0 1.0
o T 1 40 T
Station F etation J
30 3.0
‘ZS)t -2&){47
A0 49\
N \\
1 -
O I o —
P el S ~ RQCA =
I 10 TR T B
Y2 a4 & 8 10 o 4 6 8 10

Thordiwire zkation,

/e

or x'/o'

(c)

o =

~“hordwize station,
x/e or x'/c!

19.3%; ¢p = 0.880.

Figure 11.- Continued.

43



N L NACA RM L51K26

'60 T I I I
Station K
@ Upper surface
-5.0 f - . « Lower surfeace
i
-4.0 B
-3.0 ’
L -
A
-2.0 \\ -2.0 T 1
AN - : Station ©
-1.0 = — -1.0
o] o]
L
|~ )
1.0 1.0
Station B - .
3.0 : '
-2.0 2.0 k ;;
Station D ' -
-1.0 = -10 e SN
o] 0 — L
4.——"”"—. e el
1.0 1.0
[ TT
3.0 Station F -3.0 |
: SLs.th J- ‘
-20 20 -
S0P -1.0
e ——
(o} 1 o]
L&
= NACA 7
1.0

. ‘_00 [ 1 L1
0 2 4 6 8 (o} .2 4 6 8 e}
Chordwise stetion. Crordwise atation, S

x/c or ¥'/e' ¥/fe or x'/¢’
(a) a =27.2°% cp = 1.002. ~
Figure 11.- Concluded. S



NACA RM L51K26 s 45

-6.0 o Upper surface
2 Lower surface
-5.0
-40 Stetion C4
3.0
20 I B 20
T Stetion H-
-0 i\ } -.0 \\
: N
L
o} o} G
| a1 A r
1.0 L 1.0
-40 T 1
Station E
30
.
g .
= K Station DT \
:5 -0 <10 <
8 P—T—s
g © o
g ] 1
[
i3 10 LO
50 T
Station J+
Station F-
\ 3.0 30
20 20 “NACA -~ —
-1.0 \ -0 \'
- ’ L}
Lc)O 2 4 8 8 LO- LOO .2 4 8 8 LO
Chordwise station, Chordwize station,
x/e or x'/c¢' ; x/e¢ or x‘/c!

(s) « = 8.4°%; ¢y, = 0.720.

Figure 12.- Wing chordwise pressure distributions for the semispan
lL9.lo sweptback wirng with 0.50b/2 slat installed and trailing-edge

flep deflected. 5, = 45°; R = 6.1 x 10°.



L6

P

Preasury crafficicnt.,

L ) NACA RM L51K26

FT I | B o
-3.0—— | : Station H -3.0 T} Upper surface
| ! ! P 4 Lower surface
) : o ol ! \ | -,J | v
e A R el R -2.0§¢ Station C-
Sl il 1| |-
Lof Lo T o R \\ =
H B -\_‘
Q | [s) - .
rol— 1 1.0
50— .
. i FoioT
.L [ I Station E-
'40 T - ;
[
oo T
-3.0 |
2.0 | |
-10 _,,£_~ ! ! : sLatEbnlnﬁ ) \\
T~ —o
0 0
M . |
1.0 l 10 -
B T R S A B B
. -—-i-- : - station J—
S50 — 7T B0~y
—l[ Station F
-40f——-1- e 40
I T N S
I 1 I
3.0 ——— + 30 -
e e - | TNAJ CA_ "
[ . 1 1
20 fr———r—+ i 20
A { |\
i T 1 : g
A0 P = {0 .
]
I
(o] o] - L.
-T/-Td Il M‘/df‘ - *
1.0 T | I i : 1.0 - - )
o] 2 4 6 8 (o] o] 2 4 6 8 10
~hordwice station, Chordwise station, EEIES
v/e or r'/c! x/e ur x'/c' -

(b) « = 13.2°% ¢y, = 0.911.

Filgure 12.- Continued.



NACA RM I51K26 ARSI

[T
=7 Station H-
sUpper surface
aLower surface
-6
-5
4
2 11
3.0 ] Stetion C—
10 \\4
20 L =
0
E¥e) \\ ~ —=
e Lo
0
: Pl
1.0 4.0 Station F—
30
";'-_"-. -2.0 I 1 I -20
° Station D
a -1.0 -1.0 \
g 1F = T~
8
o O 0
; el | e {—a—
2
$ 10 Lo
-
'4.0 l l I
T 7 Station J
3 Station F-| 3.0
-2. 2.0 NA -
\
-l \\ -l.0 \: —
o (o}
Lot )
1.0, K
0 .2 4 6 8 LO 0 o} 2 4 B 8 LO
Chordwise station, Choriwise station,
*/e or x'/e’ x/e or x'/c'

(¢) o =19.1°% c1 = 1.072.

Figure 12.- Continued.



Pressure coefficient, P

[
Station H—

f

1
N
o
T
J

I
Stati

1

ori D

f

Station F

.2 K
Chordwiee stetion,

x/c

4

(a)

6

or x'/o'

8

10

NACA RM L51K26

-——ae {pper surface
4 Lower surface

20 T T
Stati_.on C
10 =
o i
1.0
3.0 I
Station E 1
-20
-l.O oo gy
o}
1.0
-2.0 T T
Station J
-LOf _
O L
io

o} .2 4 6 B 10
Chordwinae station,

x/c

Figure 12.- Concluded.

a = 27.1°%; C1, = 1.020.

or x'/e'




0 08 -1 VL ' 8 08 10 314
a= 19.3% C; = 0.893 a= 27.2% Cp = 1.003

(a) Basic wing. .

Figure 13.- Pressure isobars for the upper surface of the semispan
49.1° sweptback wing. R = 6.1 X 106.
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instelled on the semispan l+9.1o sweptback wing with trailing-edge
flap deflected. &, = 45°; R = 6.1 x 10°.
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Figure 16.- Effect of trailing-edge flap deflection on the slat load
characteristics for the O.50b/2 slat Installed on the semispan

49.1° sweptback wing. B, = 45°; R = 6.1 x 105,

NACA-Langley - 1-29-63 - 328




8

SECURRI Y INFORMAL ON

IlllWl!U HWHI!!ﬂlllﬁl\ﬂﬁﬂﬂlﬂ!lfﬂllﬂ

_3 1176 01436 e e - -

o~ A

-p -



